Rev. Bras. Cir. Plást. 2016;31 (1) : [88] [89] [90] [91] [92] [93] [94] pharmaceutical industry to develop biomaterials that could stimulate or replace the ECM. These biomaterials, resulting from tissue engineering, mimic the structural and the functional characteristics of the natural ECM 6 . Skin substitutes are a heterogeneous group of materials 7 . Most recently, biomaterials that can be used as wound bed covers, which function to replace the skin temporarily or permanently depending on the characteristics of the product, have been developed. These biological substitutes have an intact ECM structure that can be used definitively in the skin, retrieving its functional and aesthetic characteristics.
Biological skin substitutes should enable the formation of a new dermis and allow the reepithelialization steps to occur in a correct manner and concomitantly with the maintenance of the basal membrane. Synthetic skin substitutes have shown advantages in allowing a better control of the dosage of patch components.
Skin tissue engineering seeks to develop an ideal skin substitute that promotes the appropriate repair of wounds without the formation of scars 8, 9 
INTRODUCTION
Skin healing is a dynamic process and involves cellular interaction, the extracellular matrix (ECM), and growth factors that are responsible for the tissue reconstruction or healing that follows the injury process [1] [2] [3] . The ECM plays an important role in tissue regeneration and is the largest component of the dermis. It is composed of proteoglycans, hyaluronic acid, collagen, fibronectin, and elastin 4 . It provides structural support for cells, and some of its components stimulate growth factors, which in turn, stimulate cell proliferation and migration during the processes of tissue repair 2, 3, 5 . In chronic lesions, inflammatory substances increase the levels of proteases, which degrade components of the ECM, stimulating the release of growth factors, proteins, and receptors that are essential for wound healing 2, 3, 5 . The loss of the total thickness of the skin has a tendency to transform complex lesions into chronic wounds with difficult healing, thus increasing the time of recovery of the patient without proper treatment. Moreover, some diseases or special conditions partially or fully affect the anatomical structures of the skin. Therefore, the objective of this study was to report the experience with the use of heterologous acellular dermal matrices (HADMs) to correct these conditions in patients requiring reconstructive plastic surgery.
METHODS
After the approval of the Council of Ethics and Research (register in the Plataforma Brasil: CAAE 37536614.6.0000.5455) and signing of the informed consent form, 20 patients (a total of 24 lesions) with different pathologies or ulcers affecting the skin in total or partial thickness, as well as other adjacent tissues, were treated. This study was carried out at the The etiology with the second largest proportion of patients was traumatic, with eight patients. There were also three cases of dermatological diseases (rhinophyma, hidradenitis suppurativa, and toxic epidermal necrolysis [TEN]), one case of infection (cellulitis), and one case of type II DM associated with Wegener's granulomatosis.
In relation to the location of the lesions, 16 patients had lesions in the foot and ankle, three had lesions in the thigh and leg, three had lesions in the fingers, and two had lesions on the face. In the patient with TEN (Lyell's syndrome), the eyelids, nose, forehead, hand, and the nipples were involved.
A total of 18 patients presented exposure of the tendon (17 patients), vessels (9 patients), nerves (6 patients), and bones (5 patients). Of this group, four patients had concomitant exposure of those four noble structures. Table 1 presents the diagnosis of each patient, the specific location of the lesion, and the type of matrix used for each case.
In our study, we used five types of HADM: Matriderm 1 mm, Matriderm 2 mm, Pelnac, Oasis, and Integra.
The specific characteristics of each HADM are presented in Table 2 .
To be eligible for grafting with HADM, patients need to present a receptor bed with good perfusion, free of necrotic tissues and without infection or colonization.
In this case series, concomitant therapies were administered to reach this appropriate condition. All patients first received empirical antibiotic therapy; subsequently, with appropriate culture and antibiogram, 21 patients underwent sessions of hyperbaric oxygen therapy (HOT), 21 received nutritional supplementation, and 18 received dressings with negative pressure therapy (NPT).
In three cases, immediate application of the HADM (Matriderm 1 mm) was performed followed by grafting of concomitant autologous partial skin. In five cases, two previous surgeries were performed for the preparation of the receiver bed. In 15 cases, three or more interventions were necessary before the receiving area became adequate for grafting. Three of these cases with open wounds or dehiscence from a previous surgery were referred by other specialty teams.
After the HADM graft, the same material must be integrated to the receptor bed through the same processes of integration of an autologous graft: imbibition, inosculation, neoangiogenesis, and cell migration followed by remodeling 2, 3 . The largest sample comprised 10 patients with vascular problems. In this group, six patients had insulindependent diabetes mellitus (DM) (three had DM type I and three had DM type II), and one patient with DM type I also had chronic renal disease and was undergoing hemodialysis sessions three times per week. One additional patient had a diagnosis of associated rheumatologic disease (psoriatic arthritis) during treatment. The only HADM that allows autologous skin grafting at the first surgical time is Matriderm 1 mm, owing to its reduced thickness. Therefore, in the other cases, it was necessary to wait for the integration of the HADM before performing the grafting, when scheduled.
Thus, surgical procedures were performed after the grafting of the HADM for both observing the evolution of the lesion and performing autologous skin grafting, for debridement, and for changing the dressings of NPT. Only one patient did not require surgery after the HADM graft. In five cases, one intervention was performed; in three cases, two interventions were needed; and in 11 cases, three or more interventions were done after the HADM graft. All rules of ethics in medical research were followed. under compression, even without the association of autologous partial skin graft in a second surgical moment, the patient presented excellent evolution of the lesion, with far superior functional and aesthetic quality than expected. This suggests the possibility of the existence of other factors in HADMs that stimulate the growth of tissues (Figure 2) .
RESULTS
Five cases presented with complications: two patients had infection of the graft, two patients had trauma on the graft, and one patient presented with hemorrhage in the graft bed during tracheal extubation.
In the cases with infection, the grafts were debrided, samples were collected, and the surgical area was washed with chlorhexidine solution; thereafter, antibiotic therapy was adjusted when necessary. NPT was associated with dressings with silver, and dressing changes were performed every 2-3 days.
In the cases with trauma, one patient experienced a total loss of the grafts, and debridement and regrafting were required; in the other trauma case, the loss was partial and new grafting was also performed.
In the case with hemorrhage, the patient was immediately anesthetized and reintubated, and some fixing points of the autologous skin grafts were removed. Blood drain was maintained together with washing of the HADM with 0.9% solution of silk fibroin with epinephrine. The sutures and dressing were redone, and the patient was extubated in a more secure and slow manner.
In the cases with trauma, there was total loss of grafting in one case and loss of 50% of the area in the other case; in the two cases with infection, there was partial loss of < 10% of the grafted area; and in the case of hemorrhage, there was no loss of graft.
DISCUSSION
Advances in medicine have broadened the applications of plastic surgery. Many patients who until a few years ago would have had no therapeutic possibilities currently can benefit from new technologies and biomaterials such as the HADMs.
With the association of different therapies such as NPT 10 , nutritional supplementation, antibiotic therapy, and HOT, it is already possible to achieve functionally good and aesthetically acceptable results for many cases 11 .
In this series, we draw attention to the group of diabetic patients with vascular problems and who present lesions with exposure of vessels, tendon, bones, and nerves, for which there was no possibility of any type of safe coverage with skin grafts (because of the exposed structures), flaps, or even microsurgery (owing to diabetic angiopathy).
In one case in this group of diabetic patients, the patient was undergoing dialysis and had developed necrosis in the fingertips due to needle punctures for glycemia checks. After the grafting of HADM (in this case, Integra) associated with silicone dressing impregnated with silver (Mepilex Ag) In patients with trauma involving the vessels, joints, tendons, nerves, and bones, it was possible, with less invasive procedures, to obtain equal or better functional and aesthetic outcomes than those achieved with flaps of any nature.
It must also be taken into account that the morbidity of the donor areas of cutaneous, muscular, and myocutaneous flaps, most of the times, is much greater than that of the donor area of partial skin grafts, both from the aesthetic and functional viewpoints.
In reconstructions of the foot and ankle, flaps often result in a large increase in the volume of the area, which entails locomotion problems in addition to need for special footwear owing to the resulting deformities.
In the case with rhinophyma, the results thus far indicate that the use of HADM was a definitive treatment, as the altered tissue was totally removed and replaced by the HADM (Matriderm 1 mm) associated with skin grafts at the same surgical time, preserving the aesthetic subunits of the nose and reaching very favorable functional and aesthetic results that are closest to normality than those presented by the current methods 12 . The patient of this case has been followed for 3 years, with preserved results and without recurrence (Figure 3 ).
In the case with hidradenitis, the reconstruction with HADM associated with autologous partial skin grafting in mesh form had no precedent in the literature for this pathology, although there have been reports on its application for the sequelae of burn injury in the upper thighs. This method was indicated for the patient who had aseptic necrosis of the femoral head and who was unsuitable for orthopedic treatment with hip prosthesis because of constant infections in the groin and upper thighs. The patient also had a history of severe obesity and smoking (> 60 cigarettes/day). Because of the extension of the areas, there was no possibility of using local flaps; moreover, microsurgical procedures were also risky owing to the patient's smoking habit. The use of grafts without HADM could lead to scar retraction in the groin and upper thighs. Owing to the extension, the patient had insufficient donor area for total skin graft.
Sheets of HADM (Matriderm 2 mm) were used, associated with autologous partial skin graft expanded at a ratio of 1:2. Dressing with NPT was completed. The patient is being followed since December 2011, continues to smoke, and by the end of July 2014, presented no recurrence of hidradenitis in the area, only small ulcerations that healed when the number of cigarettes was reduced. Moreover, no cicatricial retraction was noted on palpation during physical examination (Figure 4) .
There is no similar report in the literature for the application of HADM (Oasis) in the case with Lyell's syndrome or TEN; however the pathophysiology of this disease and the histological characteristic of lesions indicated the use of the matrix without the association of autologous skin graft, resulting in the rapid recovery of the epithelium of the eyelids, fingers, nose, forehead, and nipples. The stimulus of epithelization prevented hypergranulation, minimizing the risk of functional and aesthetic sequelae in these regions. In this case, lowintensity diode laser treatments were administered in the intraoperative period together with sessions of HOT, which also contributed to a good outcome in less time than usual for the healing of wounds of this thickness ( Figure 5 ).
CONCLUSION
In unprecedented cases, the results obtained were very satisfactory; however, it will be necessary to carry out studies with larger samples to prove the efficacy and reproducibility of the treatment.
In reconstructions, a multicenter trial will define the precise indications for the use of each type of HADM depending on the characteristics of each lesion or pathology.
In Brazil, only few costly HADMs are available. Nevertheless, the use of these materials is far simpler and more feasible than the development of a center or the training of a team for microsurgeries.
Furthermore, the method is technically simpler and the surgery has a lower morbidity, in addition to the absence of morbidity at the donor area of grafts, than flaps.
We believe that greater commercial competition will emerge in the Brazilian market, allowing the lowering of prices in the coming years, thus providing greater access to this material. Thereby, it will be possible for more number of surgeons to acquire experience in using this resource, benefiting all patients with injuries that may need this therapy, as well as patients with complex lesions and those who are admitted to centers without the possibility of performing microsurgeries.
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